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Introduction

Indiana Water Resources Research Center 2014 Program and Management Report

Overview: This report covers the activities of the Indiana Water Resources Research Center (IWRRC) for the
period March 1, 2014 to February 28, 2015 and was written by Ronald F. Turco, Director of the center. The
report is provided to meet requirements and obligations under the 104 (B) of the USGS water centers
program. The objectives of the fiscal year 2014 program of the IWRRC have been: (1) to continue to engage
the water community in the State of Indiana as related to water research and education; (2) to chair the
dedicated water community at Purdue University—the Purdue Water Community
(http://www.purdue.edu/dp/water/about.php) and build a water faculty at Purdue
(http://catalog.e-digitaleditions.com/i/351089-protecting-indianas-water-future) ; (3) foster a research
programs that encompass water issues related to: contaminants that is primarily focused on the Wabash River
and in support of the projects aid in the development of grant submission for major efforts; (4) continue to
support an outreach program related to water and water quality (in particular rural water protection/safety), (5)
to strengthen interactions with State regulatory agencies, the Agriculture Industry, water industry and Federal
Agencies, meetings with USGS, and Indiana Department of Natural Resources and (6) Organized and ran an
Indiana water conference.

The IWRRC and Wabash River Enhancement Corporation (WRRC) have maintained a strong relationship
over the past year. We are now in the fourth year of our 319 project entitled "Region of the Great Bend of the
Wabash River Implementation project” where IWRRC is active with WREC in helping to evaluate projects
for potential cost-share under the implementation effort and we engaged in number of new project startups.
The IWRRC-WREC collaboration led to project entitled “Deer Creek-Sugar Creek Watershed Management
Plan and Implementation Program” and work on the effort is ongoing. We also initiated a new project entitled
the “Sugar Creek Water Sampling Project” working with the Clinton County Soil and water district to better
understand regional impacts on water quality. Working with Colorado State University we developed and
submitted to EPA a proposal entitled “Smart Water Hub: Community Modeling Platform for Sustainable
Urban Water Management.” This effort allowed an interesting opportunity to draw in a number of new water
faculty for the collaborative effort.

The IWRRC has been active with the Purdue University water community (PWC) and have facilitated a
number of campus wide meetings to engage this group. We have been primarily interested in developing grant
applications.

International, we have continued to work with Purdue’s office of global engineering on a number of water
projects with efforts in China, India and Mexico. We have worked with the Purdue University Ecopartnership
(http://www.purdue.edu/discoverypark/ecopartnership/) and are active in their efforts to host a major meeting
in the fall of 2015. We submitted a number of effort with possible project in Colombia. Our goal has been the
development of effective partnerships leading to real improvements in water quality.

For this reporting period, we continue the strategic outreach alliance with the Purdue Pesticide Program office
for the development of document and educational materials on methods to prevent water contamination. By
leveraging our funds with the Purdue Pesticide Program office’s core efforts we are using the opportunity to
include the IWRRC in many of their programs. Our efforts have established a constant and vital outreach
effort that is associated with prevention rather than remediation of environmental problems. In the future we
are increasing our support of the PPP office. Project O1: Program Administration and State Coordination

The administrative portion of the project has been used to support the management of the IWRRC's research
projects and to facilitate the development of other research projects. We have also stepped up our efforts to
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coordinate campus level interactions (helping to create the Purdue Water Community) with state and federal
agencies. All of these efforts have the ultimate goal of improving the quality of water resources in the State of
Indiana. We have used a limited amount of money on the administrative portion but it has allowed the
IWRRC director some means to invest time in the efforts to integrate with state and federal agencies. Most of
IWRRC funds are used for projects and the director’s time is contributed to the project. The IWRRC director
has worked with state and federal environmental agencies, the governments of Indiana's cities and counties
and key citizen groups on water education and water resources planning activities. In this way, the results
from the research projects can be transferred to interested individuals in the state. The IWRRC director has
participate in important national and international meetings related to water and environmental protection.

Projects Areas

1. Work with community projects has continued including working with the Wabash River Enhancement
Corporation (WREC) on a Volunteer Water Quality Monitoring project to allow opportunities for volunteer
monitors to assess water quality conditions throughout the watershed. WREC its partners conducted a fall and
spring Wabash River Sampling Blitz in 2014. Connecting volunteers to the Wabash River: During each spring
and fall event, approximately 175 volunteers mobilize to collect water samples from 258 stream sites within
the Region of the Great Bend of the Wabash River and Wildcat Creek watersheds. The Wabash Sampling
Blitz is dedicated to helping watershed residents learn more about the quality of the Wabash River. This
portion of the Blitz provides information to the community through various media outlets, public information
discussions, the WREC Wire (e-newsletter), the Wabash Sampling Blitz website and via partner newsletters
and programs. During the previous 8 events (going back 4 years), volunteer groups sampled three to four
stream sites collecting field measurements for temperature and transparency, using test strips to analyze pH
and nitrate at a minimum, and filling sample bottles for laboratory analysis of E. coli, nitrate+nitrite,
orthophosphorus, and total organic carbon. Sample results were mapped by subwatershed drainage and posted
to www.wabashriver.net as soon as possible following the event. In total 600 unique volunteers participated in
the sampling blitzes.

2. Organized and ran a major water conference “Defining Indiana’s water needs” December 12. 2014, Hyatt
Regency Indianapolis Indiana. a. Speaker and Topics: i. Shahzeen Attari, Indiana University, Perceptions of
water use (copy of Shahzeen’s PNAS paper is also attached) ii. Laura Bowling, Purdue University, Who gets
it? Water use in Indiana now and tomorrow iii. Jack Wittman, INTERA, Bloomington, IN, Institutional
Analysis of Water in Indiana iv. Jennifer Freeman, Purdue University, Are there health concerns associated
with current allowable limits of contaminants in our drinking water? Fishing for answers. v. Andrew Whelton,
Purdue University., Preparing Indiana for Drinking Water Disaster Response and Recovery: Lessons Learned
from the Freedom Industries Chemical Spill vi. Ms. Jill Hoffman, EmpowerResults, Indianapolis, IN, a
Facilitated breakout session - defining our needs. b. Attendees over 100 attended for the event from: i.
University Faculty from (Purdue, IU, Ball State, IGS, IUPUI) ii. Industry Members from (Duke, KCI tech,
Burke Eng., Citizens, Wessler Eng., Xenon, INTERA) iii. Environmental groups (TNC, WREC, HEC) iv.
Regulatory/government (IDEM, IDNR, ISDA, NRCS, the Governor’s office) c. A document describing
outcomes is in development.

3. We have also continued working along with the Wabash River Enhancement Corporation, our partners, and
education and outreach committees to provide numerous opportunities for watershed stakeholders to learn
about the Wabash River and the Region of the Great Bend of the Wabash River watershed; facilitated
education-based events; and coordinated programs to recognize the opportunities and commitments made by
businesses and individuals throughout the watershed. Public meetings, the Clear-Blue-Green business
certification program, field days, workshops, and the Wabash Sampling Blitz are just some of the activities
used to educate our stakeholders.
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4. In conjunction with the Tippecanoe County soil and water conservation district office, we working with
cover crops to reduce N leaching and runoff as well as to improve soil health. This links to the use of infield
anaerobic bioreactors as a means of reducing soluble N that can be discharged to surface water.

Grant Applications Submitted thorough/with IWRRC:

a. (Funded and ongoing) IDEM-319 $94,835 Clinton Cty Soil Water Dist Sugar Creek Water Sampling
Project b. (Funded and ongoing) USDA-CIG $165,000 Using cover crops to improve soil health and moisture
retention. c. (Funded and ongoing) IDEM-319 $240,000 Region of the Great Bend of the Wabash River
Implementation Project with L. Prokopy, S. Peel and R. Goforth.

d. (Funded and ongoing) USDA-CAP: $2,875,642 Sustainable Production and Distribution of Bioenergy for
the Central USA with J. Volenec, S. Brouder, others

e. (Funded and ongoing) IDEM-319 $132,000 Deer Creek-Sugar Creek Watershed Management Plan and
Implementation Program. Project with S. Peel and R. Goforth.

f. (Closed) SUNGRANTS: Optimization of biomass productivity and environmental sustainability for
cellulosic feedstocks: Land capability and life cycle analysis. $875,000 S.M. Brouder, PI, R.F. Turco, J.J.
Volenec, D.R. Smith and G. Ejeta CoPlIs

g. (Closed) USDA NRI, Managed Ecosystems. Ecological services of agro-biofuels: productivity, soil C
storage, and air and water quality. $399,999. Submitted Dec. 2007. S.M. Brouder, PI, R.F. Turco, J.J.
Volenec, D.R. Smith and G. Ejeta CoPIs. h. (Closed) ALCOA 95,000 Bauxite Residue in Soil. R. Turco.

i. (Closed) IDEM-319 Development and Demonstration of Outcomes-Based Evaluation Framework for the
Indiana Nonpoint Source Program. Developed with Jane Frankenberger, and Linda Prokopy.

j- (Closed) IDEM 319: Wabash River: Lafayette-West Lafayette Reach of the Wabash River Watershed
Management Plan. Submitted in conjunction with the Wabash River Enchantment Corporation $700,000. L.
Prokopy, L. Bowling, K. Wilson and R. Turco. Bridging grant approved for one year of additional support.

k. (Closed) USDA Conservation Effects Assessment Program. $660,000. Watershed-Scale Evaluation of
BMP Effectiveness and Acceptability: Eagle Creek Watershed, Indiana. Developed with Jane Frankenberg,
Lenore Tedesco, Jerry Shively, Linda Prokopy. This was an outgrowth of an effort submitted last year to EPA
but note funded: Creating sustainable drinking water supplies for Central Indiana: Innovations to achieve
reductions in watershed and reservoir nutrient levels

Associate Director: Dr. Linda Prokopy, Professor Forestry and Natural Recourses

External Board of Advisors Membership: Dr. Jack Wittman, Ph.D., Bloomington IN Dr. Bill Guertal Director,
USGS Indiana Water Science Center, Indianapolis IN Mr. Jeff Martin, USGS Indiana Water Science Center,
Indianapolis IN

Faculty Advisory Committee: Dr. Linda Lee, Professor and Director of ESE Dr. Indrajeet Chaubey,
Agriculture and Biological Engineering Dr. Larry Nies, Civil and Environmental Engineering
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Research Program Introduction
Research Program Introduction

None.

Research Program Introduction
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ATTACHED-GROWTH SYSTEM FOR NITRIFICATION AT LOW TEMPERATURE

Zhe Sun! and Ernest R. Blatchley 11112
!Lyles School of Civil Engineering, Purdue University
2Division of Environmental & Ecological Engineering, Purdue University

Abstract: Lagoon systems are commonly used in small communities for domestic wastewater
treatment. These systems are simple and economical to operate, and are often appropriate for use in areas
where land costs are low. Lagoons are effective for removal of conventional pollutants under warm-
weather conditions; however, biochemical nitrification is hindered in suspended-growth lagoons during
periods of extended cold weather. Attached-growth nitrification systems, as compared to suspended-
growth systems, have been reported to yield improved biochemical nitrification under cold-weather
conditions. In this work we investigated a commercially-available biochemical nitrification reactor (i.e.,
BOBBER) that includes surfaces to promote development of attached-growth nitrifying communities.
The BOBBER system has been applied to an aerobic lagoon system at Wingate, IN. Results of
monitoring of this system have indicated improvements in oxidation of ammonia-N, especially during
winter months.

To examine the behavior of this system in a more controlled setting, two laboratory-scale mini-
BOBBER systems were installed in a temperature-controlled room. The systems were treated with an
ammonium chloride feed solution, and allowed to approach steady-state conditions at nominally 20°C,
15°C, 10°C, and 5°C. Concentrations of nitrate and nitrite, as well as pH and other process variables were
measured daily during these experiments. These results were analyzed to quantify ammonia-N removal
rates. Similar calculations were applied to the data from the full-scale lagoon system at Wingate.

Ammonia-N removal in the laboratory-scale lagoon system always exceeded 95%, even when at
temperatures of 4.6°C. However, the full-scale lagoon system was not as effective, with ammonia-N
removal of approximately 74% at the same temperature. Possible explanations for these differences in
behavior include: competition from heterotrophs, relatively low influent ammonia-loading into Wingate
second lagoon, and a relatively small population of nitrifying bacteria at Wingate.

These findings suggest that it is possible to maintain effective biochemical nitrification in
attached-growth systems even under cold-weather conditions. Satisfactory performance of these systems
will depend on hydraulic design and N loading rates of the systems.

Problem and Research Objectives: Attached-growth systems appear to be less sensitive to
cold weather conditions than suspended-growth systems. Field implementation of a commercial system
(BOBBER) designed to promote development of an attached-growth nitrifying community at Wingate, IN
has shown promise, in that nitrification was improved at during winter conditions. As such, these systems
may represent a viable alternative for ammonia-N control in small wastewater treatment facilities.
Therefore, to improve our understanding of attached-growth nitrification in lagoon systems, a laboratory-
scale (mini-BOBBER) lagoon system was installed in the Environmental Engineering Laboratories at
Purdue University.

The objectives of this study were to:

i.  Compare nitrification dynamics at low temperature in a real lagoon system using full-
scale BOBBER reactors with a laboratory-scale lagoon system using mini-BOBBER
reactors.

ii.  Quantify nitrification dynamics under controlled conditions, involving pure ammonia-N
feed without organic carbon substrates.

iii.  Investigate the relationships between ammonia-N removal rate and ammonia-N
concentration in attached-growth systems at different temperatures.



Methodology: A series of mini-BOBBER experiments was conducted. The mini-BOBBER
systems were designed and operated to simulate the nitrification process at the Wingate lagoon system.
Both types of media used in these experiments were suspended at Wingate second lagoon for 2 weeks to
establish the nitrifier attached communities.

To mimic attached-growth nitrification at Wingate, two mini-BOBBER systems provided by
Bradley Environmental were installed in a temperature controlled room. The reactors were operated under
the identical conditions, in terms of reactor volume, temperature, influent composition, influent flow rate
and discharge rate, aeration rate, etc. BOBBER system 1 was operated with Kaldnes K1 media with a
specific surface area of 300 m?/m?® while the BOBBER system 2 was operated with RK media with a
specific attach area of 750 m?md. The two BOBBER reactors were operated for 101 days with 4
temperature stages (nominally 20°C, 15°C, 10°C, and 5°C). For each temperature stage, the performance
of the system was allowed to approach a steady-state condition. Figure 1 is a schematic illustration of the
setup of the mini BOBBER experiments.

— Effluent to floor drain

500L tank with BOBBER and recirculation
Hydraulic retention time 14 days

influent tank

Bobber

— Effluent to floor drain

QocP

500L tank with BOBBER and recirculation
Hydraulic retention time 14 days

Figure 1. Schematic of mini BOBBER experiments.

Synthetic wastewater (SWW) from the influent tank was pumped into two tanks that included
mini-BOBBER reactors (See Figure 2 (a)) at a fixed flow rate (24.5 mL/min). This flow rate was chosen
to provide a hydraulic retention time of 14 days, which is representative of the operation of the Wingate
lagoon system. In order to keep influent and discharge flow rate the same, the treated water was designed
to overflow through a PVVC pipe (See Figure 2a) to a floor drain.

The mini-BOBBER reactor is pictured in Figure 2b. There were two air supplies: air supply #1
provided aeration and drew water into the circulating part from the inlet at the bottom; air supply #2
promoted circulation of water and media in the mini-BOBBER reactor. Both air supplies promoted O>
transfer, which was needed to satisfy O, that was expressed by biochemical oxidation of influent
ammonia-N. Water was designed to spray out from outlet on the top of mini-BOBBER reactor.
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Fiure 2. Ifnages of rhihi-BOBBER experiment design (a) Left, image of lab-scale lagoon
system; (b) Right, image of mini-BOBBER reactor.

Experiments with the mini-BOBBER systems were conducted as follows:

1. Each tank was filled with 500 L synthetic wastewater (SWW, composition defined below)
and placed in a temperature-controlled room at an initial temperature of 20°C.

2. Both types of media were inoculated with a mixed culture of bacteria from the Wingate
secondary lagoon, and subsequently the inoculated media (3.78 L of media per tank) were
placed in the two mini-BOBBER reactors.

3. The influent tank was filled with SWW (Roughly 70 L per day) for a whole day before
service, and the peristaltic pump was set at the flow rate of 24.5 mL/min. Water samples in
influent tank and both mini-BOBBER tanks were taken periodically to measure pH,
temperature, DO, ammonia-N, nitrite-N, and nitrate-N.

4. When the system had been operated under steady-state at 20°C for 2 weeks, the temperature
was decreased to 15°C. Then, following similar steps, the system temperature was decreased
to 10°C and 5°C, sequentially.

5. The system was operated at 5°C for 46 days.

SWW was used for all experiments in this study. SWW containing roughly 40 mg/L ammonia-N
was prepared by dissolving ammonia chloride in dechlorinated tap water. This ammonia-N loading was
determined based on the average influent ammonia-N concentration at Wingate lagoon. No organic
carbon was included in the SWW. The composition of Purdue tap water, as reported by the Purdue water
utility for some metals and other inorganic constituents, is included in Table 1.



Table 1. Composition of Purdue Tap Water with respect to common inorganic constituents.

Alkalinity ~ Calcium hardness  Magnesium hardness Fe Mn Cu
(mg/L as
(mg/L as CaCQ:s) (mg/L as CaCO3) (mg/L) (mg/L) (mg/L)
CaCO0:s)
7 320 300 120 049 0.154 057

According to the Consumer Confidence Report provided by Purdue University, West Lafayette
Campus Water Works, most nutrients required for nitrifiers growth are included in Purdue tap water.
Furthermore, tap water was dechlorinated by sodium bisulfite prior to use to minimize the influence of
chlorine on microorganisms. During dechlorination, sodium bisulfite was added at a concentration of 10
mg/L to tap water to create a stock solution. Sodium bisulfite was added in slight stoichiometric excess
of residual chlorine concentration to ensure complete dechlorination. Free chlorine and total chlorine were
measured by the DPD/KI Colorimetric Method, as defined by Standard Methods for Examination of
Water and Wastewater.

Samples were collected for measurements of pH, DO, temperature, ammonia-N, nitrite-N, and
nitrate-N. pH was measured by an Accumet model 50 pH/ion/conductivity meter (Fisher Scientific)
connected to a ROSS Ultra combination pH electrode (ORION). DO and temperature were measured by a
YSI 550A DO meter. Ammonia-N was measured by an Accumet model 50 pH/ion/conductivity meter
(Fisher Scientific) connected to a 95-12 ammonia electrode (ORIONNitrite-N and nitrate-N were
measured by an lon Chromatography (DIONEX) using an lonPac AS19 4*25 mm Analytical column
(RFIC).

Principle Findings: The mini-BOBBER experiments were conducted over a period of 101
days, during which time the performance of each system was monitored using daily measurements of
influent and effluent quality. Operating parameters including pH, DO, and temperature were measured
daily, and remained stable during the entire experiment. Only the results for ammonia-N removal and the
fates of nitrogen are reported here. Additional details of the results of these experiments will be presented
in a manuscript that is to be submitted for publication.

Figure 3 illustrates time-course measurements of ammonia-N concentration for the mini-
BOBBER experiments. Ammonia-N concentration showed a rapid decline during the first 10 days of the
experiment. Then ammonia-N concentration reached steady-state roughly at first temperature stage.
Comparatively small changes of ammonia-N concentration were observed during the three subsequent
temperature stages (See Figure 3).

The rapid ammonia-N concentration decrease during the first 10 days of the experiment was
probably due to a rapid increase of the concentration of nitrifiers, which was promoted by a high initial
ammonia-N concentration (roughly 45 mg/L as ammonia-N). This period was also characterized by a
rapid decrease of DO; at the end of this period, and for the remainder of the experiment, DO
concentrations were maintained at or near equilibrium values for the temperatures of the experiment (data
not shown). Because the system appeared to be undergoing acclimation in the first 10 days of the
experiment, average ammonia-N concentration in the effluent was calculated without data from the first
10 days.

The average ammonia-N concentrations in both mini-BOBBER tanks during the four stages of
the experiment are listed in Table 2. As temperature decreased, the average ammonia-N concentration
increased slightly. However, effluent ammonia-N concentration was consistently well below the permit
limitation values that are imposed on most municipal WWTPs, which are typically in the range of 3-6
mg/L (as N).



Table 2. Average ammonia-N concentration in both mini BOBBER tanks.

Ammonia-N (mg/L)

Temperature ( °C) Kaldnes K1 media RK media
19.7 0.76 0.81
143 0.80 0.77
9.6 0.91 0.98

4.6 1.50 1.43
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Figure 3. Time-course measurements of Ammonia-N from mini-BOBBER experiments. Also
included are daily ammonia-N concentrations of both mini-BOBBER systems corresponding to
average water temperature in each stage of the experiment. Upper panel gives the general
ammonia-N concentration in both feeding tank and reactor, while the lower panel gives a more
detailed ammonia-N concentration in the reactor with small vertical scale.



Time-course measurements of Nitrite-N and nitrate-N for the mini BOBBER experiments are
illustrated in Figure 4. The nitrite-N and nitrate-N concentrations in the reactor with Kaldnes K1 media
achieved equilibrium faster than the reactor with RK media. The possible reason for this is the different
media type used. Since Kaldnes K1 media is smaller in size, the mixing for Kaldnes K1 media could be
more efficient, which could lead to faster consumption of ammonia-N.

However, after the initial ammonia-N loadings in both reactors were depleted, nitrite-N and
nitrate-N in both reactors achieved similar steady-state concentration. Additionally, nearly all nitrite-N in
both reactors was converted to nitrate-N. Ammonia-N appeared to be a growth-limiting factor and the
surface area for both types of media were not fully utilized. Therefore, in spite of the difference in
specific surface area for both types of media, the steady-state nitrite-N and nitrate-N concentrations in
both reactors were similar.
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Figure 4. Nitrite-N and nitrate-N data of mini BOBBER experiments. Also included are daily

nitrite-N and nitrate-N concentrations of both mini BOBBER systems corresponding to average
water temperature in each stage of the experiment.

Nitrogen balances were conducted for both mini-BOBBER reactors based on the assumptions that
all nitrogen in the system existed as ammonia-N, nitrite-N, and nitrate-N. Therefore, the nitrogen balance
calculations were conducted under the assumption that no molecular nitrogen (N2) or other forms of
nitrogen (e.g., N2O) were present in the system. No measurements of N2 or N,O were included in this
research. Therefore, formation of N2 or N2O in the liquid phase and escape of these compounds from the
liquid phase to the gas phase were not accounted for in this model. Based on these assumptions, a
nitrogen balance was developed, as shown in Eq. (1):

Ctotal,N:Cammonia,N+Cnitirite,N+Cnitrate,N (1)

Figure 5 illustrates the time-course behavior of Cian from these nitrogen balance calculations for
both reactors. The total nitrogen for both systems was dominated by nitrate-N for the majority of the
period of these experiments, exclusive of the induction period (first 10-15 days), even after the
temperature was reduced to 4.6°C. This indicates that the mini-BOBBER reactors with both types of
media were able to convert most ammonia-N to nitrate-N at this ammonia-N loading, even under low
temperature conditions.
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Figure 5. Nitrogen balance: (a) upper panel, nitrogen balance of the system using Kaldnes K1
media; (b) lower panel, nitrogen balance of the system using RK media.

Calculations of ammonia removal rate were conducted by application of the principles of mass
balance. The reactor systems were each assumed to be well-mixed and only the media surfaces were
counted in the calculation (i.e., the walls of the tanks were not included in these calculations).

Figure 6 illustrates the specific ammonia-N removal rate as a function of time for both reactor
systems over the course of this experiment. Table 3 provides a summary of the mean and standard
deviation of the specific ammonia-N removal rate for both systems in all four phases of the experiment.
Collectively, these summaries indicate that the two systems achieved similar ammonia-N removal rates
after the initial period of acclimation. Temperature did not appear to alter the rate of ammonia-N removal
substantially under this operating condition.



Table 3. Average specific ammonia-N removal rate at different temperatures.

Specific ammonia-N removal rate (g/day/m?)

Temperature Kaldnes K1 media RK media
19.7C 1.41+0.23 0.59+0.13
143C 1.14+0.17 0.46+0.07
9.6C 1.07+0.20 0.43+0.06
46C 1.07+0.32 0.42+0.12

Media surface area

(m?)

1.14 2.85
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Figure 6. Specific ammonia-N removal rate of mini BOBBER experiments. Also included the
average specific ammonia-N removal rate during each temperature stage.



In the mini-BOBBER experiments, efficient ammonia-N removal was achieved at temperatures

from 4.6°C to 19.6°C. The observed ammonia-N removal was over 95%, even at 4.6°C. However,
ammonia-N removal at the Wingate second lagoon where the BOBBERs were installed was less efficient
(approximately 71%). The average specific ammonia-N removal rate (at temperature 5°C) at the second
lagoon of the Wingate system was 0.66 g/day-m?. For comparison, the average specific ammonia-N
removal rate (at temperature 5°C) observed from the mini-BOBBER experiments was 1.07 g/day-m2.

Possible reasons for the discrepancy between observations from mini BOBBER experiments and

Wingate second lagoon include the following:

>

The mini-BOBBER system was provided with an influent that contained ammonia-N as the
only source of reduced-N, with no organic carbon. The presence of organic carbon will
promote development of a heterotrophic community, which will compete with the nitrifying
community. The presence of organic carbon and heterotrophs in real lagoon systems could
hinder nitrification.

The influent ammonia-N concentration into the second lagoon at Wingate was roughly 20
mg/L as N in cold-weather periods (During warm periods, the influent ammonia-N
concentration into the second lagoon was round 2 mg/L as N). However, the feed solution
concentration used in the mini-BOBBER experiments was roughly 40 mg/L as ammonia-N.
A lower ammonia-N loading could contribute to the lower ammonia-N removal rate at
Wingate. For example, if the ammonia loading is lower than the nitrification rate, the
nitrifiers will consume most of the ammonia-N, and the effluent ammonia-N will be low.
Nitrifiers in the mini-BOBBER experiments were fed a relatively stable ammonia-N loading.
However, the ammonia-N loading at Wingate second lagoon was less stable. During warm
periods, almost all ammonia-N was oxidized in lagoon 1 and the influent ammonia-N
concentration into the second lagoon was typically 2 mg/L or less (ammonia-N loading for
the mini-BOBBER experiments was roughly 40 mg/L). So the accumulation of nitrifiers at
Wingate was presumably slower and the nitrifying bacteria population stayed at relatively
low level, as compared to the mini-BOBBER system. When temperature decreased, the
ammonia-N loading in the Wingate second lagoon increased, possibly because there were not
enough nitrifiers to deal with the large ammonia-N loading. As a result, the ammonia-N
removal rate decreased.

The average bulk ammonia-N concentration in Wingate second lagoon (at temperature 5°C
level) was 11.1 mg/L, while the average bulk ammonia-N concentration in mini BOBBER
system (at temperature 5°C level) was approximately 1.5 mg/L. According to the relatively
low ammonia-N removal rate with a higher bulk ammonia-N concentration observed at
Wingate second lagoon, the main cause of this should be lack of nitrifying bacteria.

Significance: Attached-growth nitrification with mini-BOBBER reactors was demonstrated to achieve
efficient ammonia-N removal (>95%) over a wide range of temperatures (4.6°C to 19.7°C). According to
monitoring data from the Wingate lagoon system, the ammonia-N removal rate was increased greatly
after the installation of the BOBBER reactors. However, the improvement still needs to be validated
under conditions of extended cold temperature.

Attached-growth nitrification was observed to be less temperature sensitive than suspended-

growth nitrification, which supports the application of attached-growth nitrification during cold periods.
Additionally, the maximum ammonia-N removal rate under 4.7°C and 22.6°C were measured with SSW.
However, these results were observed with simple ammonia-N loading, the performance with real
wastewater still needs to be tested.



Attached-growth nitrification (such as BOBBER reactors) has great potential to deal with
ammonia-N under low temperature range. This could be applied in many small communities with winter
nitrification problems at relatively low cost (compared to mechanical wastewater treatment plant).
Additionally, pre-attached BOBBER reactors could be added to new constructed wastewater treatment
systems, the pre-attached BOBBER reactors are easy to transport and install, and they are able to perform
nitrification immediately after installation.

Publications: A manuscript is being prepared for possible publication in the refereed literature.
Another manuscript has been submitted for consideration as a podium presentation at a regional
conference.

Grant Submissions: No additional proposals have been submitted. However, we are working
with Bradley Environmental to examine possible sources of additional funding to extend this
work.

Students: Funds from this grant were used to support Mr. Zhe Sun, who used this work as the
basis of his M.S. research. Mr. Sun successfully defended his thesis in Spring 2014.
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Abstract / Summary

Persistence of pharmaceuticals and personal care products (PPCPSs) in the environment is
an emerging concern due to potential adverse effects on aquatic ecosystems and transport
to human drinking water sources. We quantified both human and veterinary PPCPs
throughout freshwaters of central Indiana underscoring the ubiquity of these
contaminants. Research combined descriptive sampling of PPCP abundance with
innovative enrichment studies to directly quantify PPCP transport and retention in
freshwater. Additionally, we conducted in vitro and in situ experimental assessments of
PPCP influence on aquatic organisms. Research was guided by two objectives: 1)
Develop predictive models of PPCP abundance in lotic ecosystems; and, 2) Quantify
variation in PPCP retention and transport via descriptive sampling and experimental
techniques. We sampled 19 3" order streams in central Indiana during baseflow
conditions. Dissolved pharmaceutical concentrations were measured at each site in
addition to stream physiochemical characteristics and organic matter biomass. Caffeine
(24-135 ng/L), carbamazepine (1-88 ng/L), cotinine (4-34 ng/L), naproxen (5-15 ng/L),
and paraxanthine (49-62 ng/L) concentrations varied among sites. Pearson correlations
indicated only stream temperature, width, and autotrophic abundance were correlated
with pharmaceutical concentrations. Structural equation modeling identified causal
relationships between stream variables and pharmaceutical concentrations. Significant
pathways included filamentous algal biomass and sediment percent organic matter effects
on carbamazepine as well as nutrient and discharge effects. Additionally, significant
effects of macrophyte biomass on caffeine were identified. These data and analyses
highlight multiple interacting controls on pharmaceutical abundance in freshwater
ecosystems. Experimental assessments identified sub-lethal effects of carbamazepine on
both macroinvertebrates and yellow perch. Ephemeroptera had longer molt cycles when
exposed to environmentally-relevant concentrations of carbamazepine in addition to a
higher prevalence of abnormal behaviors. Yellow perch had lower growth rates when
exposed to environmentally-relevant concentrations of carbamazepine in addition to
reduced response to stimulus. At the ecosystem scale, carbamazepine was found to alter
species diversity, organic matter composition, and nutrient concentrations through effects
on specific organisms.

Problem and Research Objectives:

This study was conducted in the Upper White River (UWR) watershed, a tributary to the
Wabash River and one of the most degraded watersheds in the country (USEPA 2002).
The UWR watershed in central, Indiana encompasses 2,718 mi? across 16 counties and
provided an excellent system to study PPCPs due to varied land use and PPCP sources.
Since the Clean Water Act was passed by Congress in 1972, environmental managers and
policy makers have made substantial headway in identifying and reducing point source
discharge in the nation’s waterways. Yet, >40% of these water bodies remain impaired,
often because of nonpoint source pollution which often degrades freshwater integrity to a
greater extent than point pollution. PPCPs can enter freshwaters via multiple sources
including disposal of surplus drugs, human excretion into sewage, and runoff associated
with therapeutic treatment of livestock. These sources can be routed to freshwater via
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urban sewage transport, ineffective or leaking septic tanks and landfills, or overland
runoff. There have been numerous studies quantifying measurable concentrations of
PPCPs and their metabolites in surface and groundwaters. Higher concentrations of
PPCPs in water are generally associated with wastewater treatment effluent, but
concentrations vary with secondary waste treatment procedures. Further, although
effluent serves as a source of PPCP pollutants, streams across the US not influenced by
wastewater can also have measureable concentrations of waste contaminants from
residential, industrial, and agricultural sources. Once PPCPs enter into freshwater, they
may be transformed, retained, or exported downstream. PPCP compounds can be
transformed via biodegradation or photodegradation; retained via assimilation or
sediment sorption, or if the compound is mobile and recalcitrant, exported downstream
unaltered. All of these pathways may influence transport downstream to drinking water
sources. Previous studies have consistently demonstrated the prevalence of PPCP
compounds. However, current knowledge does not include an understanding of the
spatiotemporal patterns of PPCP abundance in freshwater. Further, environmental
transport and fate of these compounds have not been quantified to assess regulatory need.
Because PPCPs are designed to have a physiological effect, it is likely they may
influence organisms even at trace concentrations.

The overall objective of the study was to quantify spatial and temporal variability of
abundance, transport, and retention of PPCPs in streams of the Upper White River
(UWR) watershed of central Indiana. Research combined descriptive sampling with
experimental assessments to directly quantify PPCP transport and retention in lotic
ecosystems. Research was guided by two primary objectives:

1. Develop predictive models of PPCP abundance in lotic ecosystems.
2. Quantify variation in PPCP transport and retention using short-term enrichment
experiments.

In addition, in vitro and in situ experiments were conducted to quantify the effect of
PPCPs on aquatic organism populations, communities, and ecosystems.

Methodology:

Descriptive Measurements: Stream sites in the UWR watershed were selected for
sampling and represented a range of urban and agricultural activity. At each site and
sampling event, sediment and dissolved PPCP concentrations were measured in addition
to multiple physiochemical parameters and characterization of the sub-watershed. Water
and sediment samples were analyzed using high performance liquid chromatography with
tandem quadruple mass spectrometric detection in collaboration with the Indiana State
Department of Health (ISDH) chemical laboratories (Indianapolis). Analytes measured in
each sample included 1,7-dimethylxanthine, acetaminophen, caffeine, carbamazepine,
cotinine, DEET, gemfibrozil, ibuprofen, lincomycin, naproxen, sulfadimethoxine,
sulfamerazine, sulfamethazine, sulfamethoxazole, sulfathiazole, triclocarban, triclosan,
trimethoprim, and tylosin. Field blank samples and matrix samples were also collected at
each site and sampling event to ensure data quality.
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Additional filtered water samples (250 mL) were collected at each sampling event and
site for chemical analysis at Ball State University including anions (NOs, Br, Cl, POg,
SO4) and cations (NHj4, Li, K, Mg) using a Dionex 3000 lon Chromatograph and
dissolved organic carbon concentrations using a Schimadzu TOC-VC carbon analyzer.
These chemical analyses aided identification of PPCP sources (e.g., manure, tile
drainage, wastewater). Additional sediment samples (100 cm?) were also collected and
analyzed for organic matter and elemental content to inform potential for PPCP sorption
as well as serve as an indicator of microbial activity and potential biodegradation of
PPCPs. Physical parameters were also measured at each sampling event including flow,
depth, width, oxygen, pH, temperature, specific conductivity and light to enable
assessments of abiotic factors influencing PPCP abundance (e.g. photodegradation,
dilution).

PPCP Enrichment Experiments: We enriched a an experimental stream reach on a Ball
State University Field Station (Cooper-Skinner Farm) with select PPCP compounds
(acetaminophen, carbamazepine, DEET, triclosan) to quantify transport and retention.
Enrichment protocols followed standard nutrient enrichment protocols and consisted of
dripping (~0.14 L/min) a concentrated solution of the target compound (contained in a 20
L carboy) and potassium bromide (conservative tracer) into the stream using a peristaltic
pump until equilibrium was achieved (~2 hrs depending on discharge). Enrichments
increased PPCP concentration to a maximum environmentally-relevant concentration
within the reach (150 ng/L acetaminophen; 10 ng/L carbamazepine; 400 ng/L DEET,; 10
ng/L triclosan). These enrichment concentrations were two orders of magnitude lower
than lethal concentrations to any organism and high enough that fine resolution in
concentration changes could be detected. Once equilibrium was achieved, downstream
sites were sampled over ~30 min, moving from downstream to upstream, to quantify loss
of the target compound over the reach followed by termination of the addition. Water and
sediment chemistry was also measured in addition to physiochemical characteristics as
described above.

Statistical Analyses: Descriptive data were analyzed using both Bonferroni-corrected
Pearson correlation statistics and multiple regression analyses. Independent variables
(e.g., discharge, nutrient concentration, physiochemical characteristics) correlated with
PPCP concentrations were used to develop predictive multiple regression models
identifying factors controlling PPCP abundance. Multiple regression models were
developed for all compounds with >60% detection frequency. Correlation and regression
analyses informed development of predictive models using structural equation modeling.
Structural equation modeling (SEM) was used to test a priori hypothesized causal
pathways influencing pharmaceutical abundance and persistence in the environment.
Data were modeled using SPSS statistical software equipped with AMOS17.0 (Amos V.
17.0 SPSS, Chicago, Illinois, USA). Data collected in conjunction with enrichment
experiments were used to calculate PPCP transport metrics (uptake length, velocity, rate,
retention, export) and compared among compound types using analysis of variance
(ANOVA). Additionally, correlation and regression statistics were used to identify
factors controlling retention and transport. All correlation, regression and ANOVA
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statistical analyses were performed using the SAS statistical program (SAS Institute, Inc.;
System for Windows V8).

Table 1. Summary of physical, chemical and biological characteristics of streams sampled (N = 19} and pharmaceutical concentrations.
Physical Chemical Biological Pharmaceutical
Ch:ral:terisi'lil:s Mean 0 Characteristics Mean o Charagl:teris‘til:s Mean o Abundance Mean 0
Light (% open) 26.3 19.9 |Cl{mg/L} 47.6 20.5 |SPOM (g/L) 0.018  0.016 |Caffeine (ng/L) 37.8 29.5
pH 8.2 0.2  |NOs-N (mg/L) 3.4 4.0 |CBOM (g;’mz) 6.5 9.2 |Carbamazepine (ng/L) 20.1 252
Temperature 25.9 2.6 |NHgN (mg/L) 0.1 0.1 |MAC [g/m%) 3.8 10.3 |Caotinine {ng/L) 10.8 8.7
DO (mg/L) 6.5 1.4 |DIN (mg/L) 3.5 40 |FG (g,lmz) 46.2 64.7 |Naproxen (ng/L) 5.6 2.3
DS (g/L) 83.0 19.5 |PO4-P (mg/L) 0.4 0.3 |FBOM (g/m°) 294.6  344.4 |Paraxanthine (ng/L 51.2 3.3
Wetted Width (m)  20.3 121|504 (mg/L) 83.9 58.6 |FBOM (% organic) 15 0.9
Flow (m/s) 0.1 0.1 |TC{mg/L) 96.8 233 |EP (g/m?) 3.7 6.0
Total Autrophic
Depth (m}) 0.38 0.23 Biomass (g/m’) 53.7 61.6
Discharge (L/s) 1056 1410 Total Heterotrophic 301.0 342.6
Biomass (g;’mz} i )

Principle Findings:
Caffeine (24-135 ng/L), carbamazepine (1- . | .
88 ng/L), cotinine (4-34 ng/L), naproxen (5-  § so{ ~ O P
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0.05). Paraxanthine and naproxen were £ 2y Bt o
also positively correlated with macrophyte %
biomass (p < 0.01). Cotinine 6 0 20 B U3 58

concentrations were not correlated with Macrophyte Biomass (g/m’)
any measured variable (p > 0.05; data not

shown).

Figure 1. Correlations between dissolved inorganic nitrogen
and carbamazepine (top panel) as well as macrophyte
biomass and caffeine, naproxen and paraxanthine.

Multiple regression analyses explained > 95% of the variation in caffeine, cotinine, and
naproxen concentrations but only 74% of the variation in carbamazepine and 58% of
paraxanthine variation. Macrophyte biomass and DIN were the most consistent predictors
of pharmaceutical concentrations across compounds though other physical and chemical
characteristic were also explanatory including light, oxygen, flow, fine benthic organic
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matter, depth, and phosphate.
Structural equation modeling
(SEM) identified significant
causal relationships between
stream variables and total
pharmaceutical concentration
(sum of all measured
compounds) with a
significant fit of the
covariance matrix (Figure 2).
Significant pathways
included flow and depth
effects on discharge;
discharge effects on
ammonium; ammonium
effects on total
pharmaceutical
concentrations; organic

| FBOM

Total o .
0 organic

Pharmaceuticals

\Y4 KoY

X2=11.9 7 5
P=0.852 Fd /
df=18 Autotrophic K

Biomass

Figure 2. Structural equation model to describe controls on total dissolved
pharmaceutical concentrations (sum of all pharmaceuticals measured) in central
Indiana streams. Boxes are variables in the model. Numbers are standardized path
coefficients. Error variance was calculated for all variables (not shown). Solid lines
indicate significant paths in the model. Dashed lines denote hypothesized pathways
not significant in the model but necessary for model fit. Model fit statistics noted.

matter content on ammonium; and total dissolved solids on total pharmaceutical
concentrations. Discharge and organic matter content of fine benthic material, though
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necessary for model fit, were not significant
pathways explaining total pharmaceutical
concentrations. Interestingly, light availability
did not influence total pharmaceutical
concentrations or autotrophic production (as
biomass). Total autotrophic biomass yielded a
better model fit than biomass of individual
autotrophic compartments (macrophytes,
epilithon, filamentous green algae.

Because carbamazepine was a dominant
pharmaceutical measured in our descriptive
study, we focused on carbamazepine for some
additional analyses to understand potential

N
9]
i

r=0.173

200 P=0479

150—

(#/site)

100—

opteran Abund

50—

Eph

organismal and ecosystem effects of this specific
compound. Macroinvertebrate richness across
study streams (N = 19) was positively correlated
with increasing concentrations of carbamazepine
(Figure 3). Using structural equation modeling
(SEM) we inferred that carbamazepine

T T T T T
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100
Carbamazepine (ng/L)

Figure 3. Bivariate correlations of

carbamazepine (CBZ; ng/L), macroinvertebrate
richness (# of taxa per site), and Baetidae and
Ephemeroptera abundance (# of individuals per

site). N =19.

influenced macroinvertebrate richness through
indirect pathways linked to Baetidae abundance
(data not shown). Baetidae abundance influenced
ephemertopteran abundance and FBOM percent
organic matter, both of which altered
macroinvertebrate richness.



IWRRC 2013 Project Final Report — Bernot Ball State University

To better understand the effect carbamazepine has
on life history characteristics of aquatic organisms
and consumer-resource interactions, we assessed

the influence of carbamazepine on the development,
growth and behavior of mayfly nymphs (Stenonema

sp.) and the alterations in food consumer-resource
interactions between Stenonema and algae
(Chaetophora) in laboratory microcosms.
Carbamazepine influenced the development and
behavior of Stenonema nymphs and the body
dimensions of adult individuals (Figure 4).
However, it appears that carbamazepine does not
influence consumer-resource interactions at
concentrations found in surface waters. The
pharmaceutical carbamazepine may influence the
behavior, growth and development of mayflies,
which could have significant consequences at the
population, community and ecosystem level.

Additionally, we conducted a 31 d in situ
mesocosm experiment to quantify effects of
environmentally-relevant concentrations of
carbamazepine on invertebrate communities and
ecosystem processes. Mesocosms were populated

Molt Category
S
I

3|
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H
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| N=68| |N=72 |N=72
T T T T
0 2 20 200

Carbamazepine (ng/L)

T
2000

Molt Category
7

1T T 1T T T T T°7T
1 2 3 4 5 6 7 8 9

Mayfly Exposure (Days)

Figure 4. Molt category for mayfly nymphs exposed
to carbamazepine (CBZ) treatments and molt
category of mayfly nymphs over exposure (9 d) for
control and 2000 ng/L CBZ treatment. Each data
point represents the mean molt category for all
Stenonema individuals in each treatment + 1 SE.
Categories ranged from 1-3, 1 being the newest
molt and 3 the oldest. ** P <0.01

with four gastropod taxa (Elimia, Physa, Lymnaea and Helisoma), zooplankton,
filamentous algae and phytoplankton. Invertebrate diversity increased in the presence of

22=8.126 carbamazepine.
Elimia o s Additionally,
Cladocera Standing : -
4/ Abundance L Biomass Carbamazep'_ne
031 V\‘\ - /\ oss altered the biomass
P’ 7 e -
—— 0T e e \ . of Helisoma and
opepoda = N ) P \ Helisoma PN
Abundance \072 N 013 _ > Standing E|Imla, _lnduced a
N\ >< 0 T Biomass decline in Daphnia
08 / '0'3‘1’ _- pulex abundance
, R LU and shifted the
L [ Algeenry | Sediment | _f- - zooplankton
Mass -0.39 Percent 091 N
~a Organic community towards
- \
V\%\'\"wer PRI copepod
' 1> 009 k dominance. Lastly,
carbamazepine
decreased

Figure 5. Structural equation model describing the relationship between carbamazepine and the
freshwater ecosystem. The model (x? = 8.126, df = 14, P = 0.883) accounts for a substantial portion of
the variability in the abiotic components of the ecosystem (r > 0.50). Numbers are standardized path
coefficients. Solid lines indicate significant paths in the model (P < 0.05). Dashed lines are non-

significant hypothesized pathways (P > 0.05).

decomposition and
altered primary
production and
dissolved nutrient
concentrations.
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Changes in the invertebrate community identified using structural equation modeling
were through direct (i.e., exposure to carbamazepine) and indirect pathways (i.e., changes
in food resource availability; Figure 5). These data show the psychiatric drug
carbamazepine may alter freshwater community structure and ecosystem dynamics and
could have profound effects on natural systems.

Laboratory chronic
toxicity tests were also
conducted to assess
carbamazepine effects
on yellow perch. Yellow
perch growth (as
increases in length and
weight were negatively
affected by
carbamazepine
concentrations.
Additionally, yellow
perch exposed to
carbamazepine were less
likely to respond to
stimuli.

Significance

Overall, pharmaceutical
concentrations detected
in central Indiana
streams were within the
range previously

documented in freshwaters throughout 8

the United States though

carbamazepine concentrations were
~5x higher than previous studies in

central Indiana.

Consistent with previous studies in
central Indiana, ammonium
concentrations and stream discharge
were not significant variables in
correlation and regression analyses. 0
However, structural equation models

Total body length (cm)
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Days after carbamazepine application

Figure 6. Change of total body length (A) and total body weight (B) of yellow perch after
carbamazepine exposure. Symbols are mean +/- SE of three replicates per treatment. Slope
difference of total body length (C) and body weight (D) among treatment groups with

regression.

T
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No response to stimulus (# fish)
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identified discharge and ammonium as

important variables to model fit. These
data characterized one time point
(summer baseflow) when conditions

(p <0.001).

likely yield lower pharmaceutical

3 ug/L

6 ug/L 12 ug/L

Carbamazepine concentration

Figure 7. Carbamazepine effect on yellow perch behavior as response
(movement) to stimulus after chronic exposure. Significant differences in
stimulus response was measured at higher concentrations of carbamazepine
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concentrations due to high potential for photo- and biodegradation as well as reduced
input. This, coupled with higher autotrophic biomass in summer relative to other times of
the year, suggests mechanisms controlling pharmaceutical abundance are temporally
variable. Concentrations of pharmaceuticals measured in this study can influence aquatic
organism reproduction and behavior. We found carbamazepine may alter the
macroinvertebrate community structure of freshwater streams in central Indiana, which
could potentially lead to alterations in resource availability (i.e., presence and use of
FBOM) and predator-prey interactions (i.e., altered functional feeding groups present). In
vitro experiments also demonstrated that environmentally relevant concentrations of
carbamazepine could have chronic effects on Stenonema and Chaetophora. Further, an in
situ mesocosm experiment demonstrate how environmentally relevant concentrations of
carbamazepine alter the communities and processes of freshwater ecosystems.
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among parasites, gastropods and pharmaceuticals in Midwestern streams. American
Society for Parasitology. Québec City, Québec.

Jarvis, A, MJ Bernot, RJ Bernot. 2013. The effects of the pharmaceutical carbamazepine
on aquatic macroinvertebrate community structure. Indiana Water Resources Association,
Muncie. June.

Bernot, MJ, RJ Bernot, LM Caffo, CL Crismore, D Elias, P Flores, J Justice, JH Lee, HL
Madinger, R Osborne. 2013. Relationships between physiochemical characteristics,
community structure and pharmaceutical concentrations in central Indiana streams.
Society for Freshwater Science, Jacksonville, FL. May.

Jarvis, A, MJ Bernot, RJ Bernot. 2013. The effects of the pharmaceutical carbamazepine
on aguatic macroinvertebrate community structure. Society for Freshwater Science,
Jacksonville, FL. May.

Lee, JH, MJ Bernot. 2013. Transfer of 17a-ethynylestradiol and carbamazepine in a food
chain established by invasive species: Toxicity, pharmacokinetics and bioaccumulation.
Ball State University Student Symposium. March.

Jarvis, A, MJ Bernot, RJ Bernot. 2013. The effects of the pharmaceutical carbamazepine

on aquatic macroinvertebrate community structure. Ball State University Student
Symposium. March.
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Jarvis, AL, MJ Bernot, RJ Bernot. 2013. The effects of the pharmaceutical
carbamazepine on aquatic macroinvertebrate community structure. Indiana Academy of
Science, Indianapolis. March.

Drosos, I, MJ Bernot. 2013. Factors influencing anion loss and retention in sediment. Ball
State University Student Symposium. March.

Thesis
Jarvis, AL. The effects of the psychiatric drug carbamazepine on freshwater invertebrate
communities and ecosystem dynamics. MS Thesis. Ball State University, May 2014.

Grant Submissions

Lee, JH. Funded. 2014-2015. Assessing acute and chronic toxicity of carbamazepine and
17a-ethynylestradiol on yellow perch (Perca flavescens). Indiana Academy of Science
Senior Research Grant. Total Award: $2,914.

Lee, JH. Funded. 2014-2015. Assessing acute and chronic toxicity of carbamazepine and
17a-ethynylestradiol on yellow perch (Perca flavescens) BSU ASPIRE Graduate
Research Program. Total Award: $500.

Drosos, I. Funded. 2014-2015. Carbamazepine loss and retention in sediments. Ball State
University ASPIRE Undergraduate Student Research. Total Award: $300.

Becker, JC, MJ Bernot, TE Lauer. 2014-2015. Funded. RiverPACE: A Nationwide
Riverine Pharmaceuticals Assessment, Collection, and Education Project. Discovery
Group. Total Award: $19,972.

Bernot, MJ, RJ Bernot, J Becker, K Epp. In review. A systems-based approach to
quantify abundance, fate and effects of pharmaceuticals and personal care products
(PPCPs) in lotic ecosystems. Environmental Protection Agency (EPA-G2014-STAR-E1):
Systems-Based Research for Evaluating Ecological Impacts of Manufactured Chemicals.
Total Request: 799,523. Submitted March 2014.

Bernot, MJ, RJ Bernot. Not Funded. Preliminary Proposal: RUI: Predicting abundance,
transport and effects of PPCPs in lotic ecosystems in a changing world. National Science
Foundation Division of Environmental Biology. Submitted January 2014.

Bernot, MJ. Not funded. Water Environment Research Foundation Unsolicited Research
Program. Freshwater Pharmaceutical and Personal Care Product Risk Management.
Submitted August 2013.

Bernot, MJ. Not funded. Occurrence of pharmaceuticals in freshwater: Quantifying

human exposure to trace contaminants. National Institute of Health. Submitted October
2013.
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Students

A total of 3 graduate students and 4 undergraduate students were involved with project
activities.

Graduate Students (Ball State University): Amanda Jarvis, MS student; Jee Hwan Lee,
PhD student; Courtney Crismore, MS student

Undergraduate Students (Ball State University, BS Biology students): Natalie Abell, Isis
Drosos, Susannah Dragash, Nicole Woodall
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Abstract:

Imperfect detection of fish can lead to biased estimates of abundance and assemblage
level descriptors such as the Index of Biotic Integrity. Accentuating this bias are two items. First
the schooling behavior of fish confounds the efficacy of traditional models in estimating
abundance and capture probability. Second, we know habitat influences fish distribution and
catchability. Although multi-pass depletion sampling of fish can be used to estimate some of the
bias, assuming fish behave independently, quantifying both schooling and habitat bias effects is
required to fully understand fish abundance. Thus, our objective in this study is to determine how
imperfect detection of common stream fishes is influenced by schooling behavior and a suite
(14) of physicochemical variables. To meet this objective, we conducted multi-pass depletion
surveys at 16 randomly selected sites in the Eastern Corn Belt Plain ecoregion in Indiana. A total
of 1,193 fish representing 65 species were sampled during the project. We will use these data and
extend an existing model to estimate abundance and capture probability of schooling and non-
schooling species. These estimated capture probabilities can then be applied to standard
electrofishing surveys to improve the accuracy of abundance estimates and can be applied to
biological monitoring tools to create multimetric indices that are more sensitive to perturbation.

Problem and Research Objectives:

Stream health can be assessed using multimetric indices, such as the Index of Biotic
Integrity (IBI), and multivariate analysis (ter Braak 1986; Karr 1991). The IBI has been used to
assess the health of Indiana’s streams in the Eastern Corn Belt Plain for over a decade (Simon &
Dufour 1997). This multimetric index and other similar ones were patterned after Karr (1981)
and have been widely used and accepted. Unfortunately, the sensitivity in detecting shifts in fish
assemblages using an 1Bl is restricted to major perturbations (Trebitz et al. 2003). Improvements
in describing stream health and improving sensitivity are possible using other methods, such as
multivariate analysis (Thomas & Hall 2006), but typically require different, or more extensive
data. One such factor limiting sensitivity in the I1BI is our ability to obtain accurate estimates of
fish abundance as capture probability is influenced by environmental variables. By refining
something this basic with respect to capture (e.g., reduce variability), we will advance our ability
to detail stream health, regardless of the multimetric method employed in the analysis.

Obtaining accurate estimates of fish abundance in streams are problematic. Standard
sampling methods for an IBI (Simon & Dufour 1997) typically consists of single pass
electrofishing catch per unit effort as an index of abundance. This method assumes the
probability of capturing a fish is 1 (i.e., perfect capture probability), capture probability is
spatially constant, and equal among species. These assumptions are not ecologically reasonable
and often violated, thereby increasing bias, adding noise to the dataset and limiting our ability to
detect change. Variability in capture probabilities can also be exaggerated due to fluctuations in
physicochemical factors. For example, differences in conductivity and turbidity across disparate
waters could influence capture efficacy, limiting our ability to describe whether differences in
the fish assemblage exist. The need to evaluate factors influencing capture probabilities is real
and must be resolved to improve our understanding of the fish community. Ultimately, this study
will lead to better fisheries management decisions and evaluation of water quality through
biological interpretation not just in the Eastern Corn Belt Plain, but elsewhere.



Our objective is twofold: 1. Determine capture probabilities of common stream fishes in
wadeable streams of the Eastern Corn Belt Plain while accounting for schooling behavior, and 2.
determine how variation in physicochemical parameters among the streams may influence
capture probabilities. To meet these objectives we will conduct multi-pass depletion surveys
(both fish and physicochemical parameters) at a minimum of 25 randomly selected sites and use
the data to model factors influencing capture probabilities of fishes. We will also extend the
models of Royle (2004) for non-schooling species and Martin et al. (2011) for schooling species
to account for covariates of detection. We hypothesize that the physicochemical parameters
being measured will significantly affect capture probabilities of fishes in wadeable streams of the
Eastern Corn Belt Plain. We also hypothesize that not accounting for schooling behavior will
bias capture probabilities and abundance estimates of schooling species.

Methodology:

Sixteen sites were sampled between June 19 and August 8, 2013. Each site was closed off
with a block net placed at the upstream and downstream ends to restrict fish movement during
the survey. Three passes with a tote-barge DC electrofishing unit were conducted in an upstream
pattern. At the end of each pass, fish were counted and held in large tanks until the survey was
completed. Species that required visual examination under a dissecting microscope were
preserved in formalin on site and transported to Ball State University. Methodology has been
approved by the Ball State University Animal Care and Use Committee (IACUC Protocol
#:317058-1).

Fourteen physicochemical parameters were collected at each site to evaluate their
influence on capture probabilities (conductivity, turbidity, stream width, water temperature,
average depth, stream gradient, habitat type (pool, riffle, run, glide), and substrate type (fines,
gravel, cobble, boulder). Conductivity, water temperature, and turbidity were measured with a
Hydrolab DS5 probe with a Hach Trimble Recon field computer. Stream width and sampling
distance was measured with a laser range finder. Average depth was measured by taking depth
measurements at seven equidistant points along a transect. Transects were spaced every 10 m.
Stream gradient will be measured using USGS topographic maps. Habitat was further assessed at
each site using the Qualitative Habitat Evaluation Index (Rankin 1989).

Principle Findings:

A total of 1,193 fish representing 65 species were sampled during the project. Species
diversity at individual sites ranged from 18 to 37 species. The most diverse sites were Wildcat
Creek (37 species), Whitewater River (32 species), and Nolan’s Fork (29 species). The
relationship between the physicochemical parameters and QHEI metrics on detectability will be
analyzed in the coming months.

Significance:
This project will determine capture probabilities of common stream fish sampled

throughout the Eastern Corn Belt Plain. The influence of fish schooling behavior and commonly
measured physicochemical variables will be incorporated into the model to provide more



accurate estimates of abundance. By accounting for these confounding variables, sensitivity in
secondary data summaries (e.g., multimetric indices) will increase the ability to detect
perturbations. The results will not only provide a methodology to improve our interpretation of
water quality using multimetric indices, but also benefit managers and researchers nationwide in
obtaining the best possible estimates of species abundance.

Publications:

The project is ongoing and the data are still being analyzed. We anticipate one
presentation at the 2015 Midwest Fish and Wildlife conference in Indianapolis and one
manuscript submitted for publication.

Grant Submissions: None

Students:

Four graduate students conducted all field work.

One graduate student and two undergraduate students identified fish in the lab.
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Abstract:

Imperfect detection of fish can lead to biased estimates of abundance and assemblage
level descriptors such as the Index of Biotic Integrity. Accentuating this bias are two items. First
the schooling behavior of fish confounds the efficacy of traditional models in estimating
abundance and capture probability. Second, we know habitat influences fish distribution and
catchability. Although multi-pass depletion sampling of fish can be used to estimate some of the
bias, assuming fish behave independently, quantifying both schooling and habitat bias effects is
required to fully understand fish abundance. Thus, our objective in this study is to determine how
imperfect detection of common stream fishes is influenced by schooling behavior and a suite
(14) of physicochemical variables. To meet this objective, we conducted multi-pass depletion
surveys at 16 randomly selected sites in the Eastern Corn Belt Plain ecoregion in Indiana. A total
of 1,193 fish representing 65 species were sampled during the project. We will use these data and
extend an existing model to estimate abundance and capture probability of schooling and non-
schooling species. These estimated capture probabilities can then be applied to standard
electrofishing surveys to improve the accuracy of abundance estimates and can be applied to
biological monitoring tools to create multimetric indices that are more sensitive to perturbation.

Problem and Research Objectives:

Stream health can be assessed using multimetric indices, such as the Index of Biotic
Integrity (IBI), and multivariate analysis (ter Braak 1986; Karr 1991). The IBI has been used to
assess the health of Indiana’s streams in the Eastern Corn Belt Plain for over a decade (Simon &
Dufour 1997). This multimetric index and other similar ones were patterned after Karr (1981)
and have been widely used and accepted. Unfortunately, the sensitivity in detecting shifts in fish
assemblages using an 1Bl is restricted to major perturbations (Trebitz et al. 2003). Improvements
in describing stream health and improving sensitivity are possible using other methods, such as
multivariate analysis (Thomas & Hall 2006), but typically require different, or more extensive
data. One such factor limiting sensitivity in the I1BI is our ability to obtain accurate estimates of
fish abundance as capture probability is influenced by environmental variables. By refining
something this basic with respect to capture (e.g., reduce variability), we will advance our ability
to detail stream health, regardless of the multimetric method employed in the analysis.

Obtaining accurate estimates of fish abundance in streams are problematic. Standard
sampling methods for an IBI (Simon & Dufour 1997) typically consists of single pass
electrofishing catch per unit effort as an index of abundance. This method assumes the
probability of capturing a fish is 1 (i.e., perfect capture probability), capture probability is
spatially constant, and equal among species. These assumptions are not ecologically reasonable
and often violated, thereby increasing bias, adding noise to the dataset and limiting our ability to
detect change. Variability in capture probabilities can also be exaggerated due to fluctuations in
physicochemical factors. For example, differences in conductivity and turbidity across disparate
waters could influence capture efficacy, limiting our ability to describe whether differences in
the fish assemblage exist. The need to evaluate factors influencing capture probabilities is real
and must be resolved to improve our understanding of the fish community. Ultimately, this study
will lead to better fisheries management decisions and evaluation of water quality through
biological interpretation not just in the Eastern Corn Belt Plain, but elsewhere.



Our objective is twofold: 1. Determine capture probabilities of common stream fishes in
wadeable streams of the Eastern Corn Belt Plain while accounting for schooling behavior, and 2.
determine how variation in physicochemical parameters among the streams may influence
capture probabilities. To meet these objectives we will conduct multi-pass depletion surveys
(both fish and physicochemical parameters) at a minimum of 25 randomly selected sites and use
the data to model factors influencing capture probabilities of fishes. We will also extend the
models of Royle (2004) for non-schooling species and Martin et al. (2011) for schooling species
to account for covariates of detection. We hypothesize that the physicochemical parameters
being measured will significantly affect capture probabilities of fishes in wadeable streams of the
Eastern Corn Belt Plain. We also hypothesize that not accounting for schooling behavior will
bias capture probabilities and abundance estimates of schooling species.

Methodology:

Sixteen sites were sampled between June 19 and August 8, 2013. Each site was closed off
with a block net placed at the upstream and downstream ends to restrict fish movement during
the survey. Three passes with a tote-barge DC electrofishing unit were conducted in an upstream
pattern. At the end of each pass, fish were counted and held in large tanks until the survey was
completed. Species that required visual examination under a dissecting microscope were
preserved in formalin on site and transported to Ball State University. Methodology has been
approved by the Ball State University Animal Care and Use Committee (IACUC Protocol
#:317058-1).

Fourteen physicochemical parameters were collected at each site to evaluate their
influence on capture probabilities (conductivity, turbidity, stream width, water temperature,
average depth, stream gradient, habitat type (pool, riffle, run, glide), and substrate type (fines,
gravel, cobble, boulder). Conductivity, water temperature, and turbidity were measured with a
Hydrolab DS5 probe with a Hach Trimble Recon field computer. Stream width and sampling
distance was measured with a laser range finder. Average depth was measured by taking depth
measurements at seven equidistant points along a transect. Transects were spaced every 10 m.
Stream gradient will be measured using USGS topographic maps. Habitat was further assessed at
each site using the Qualitative Habitat Evaluation Index (Rankin 1989).

Principle Findings:

A total of 1,193 fish representing 65 species were sampled during the project. Species
diversity at individual sites ranged from 18 to 37 species. The most diverse sites were Wildcat
Creek (37 species), Whitewater River (32 species), and Nolan’s Fork (29 species). The
relationship between the physicochemical parameters and QHEI metrics on detectability will be
analyzed in the coming months.

Significance:
This project will determine capture probabilities of common stream fish sampled

throughout the Eastern Corn Belt Plain. The influence of fish schooling behavior and commonly
measured physicochemical variables will be incorporated into the model to provide more



accurate estimates of abundance. By accounting for these confounding variables, sensitivity in
secondary data summaries (e.g., multimetric indices) will increase the ability to detect
perturbations. The results will not only provide a methodology to improve our interpretation of
water quality using multimetric indices, but also benefit managers and researchers nationwide in
obtaining the best possible estimates of species abundance.

Publications:

The project is ongoing and the data are still being analyzed. We anticipate one
presentation at the 2015 Midwest Fish and Wildlife conference in Indianapolis and one
manuscript submitted for publication.

Grant Submissions: None

Students:

Four graduate students conducted all field work.

One graduate student and two undergraduate students identified fish in the lab.
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Abstract / Summary

Water quality is a major issue for rivers in the agriculturally dominated Midwestern
United States. Most monitoring of water quality relies on the installation of expensive
real-time monitoring stations or the selection of permanent sampling sites where samples
are collected by hand, which is often expensive, labor-consuming and spatially and/or
temporally limited. While remote sensing has been widely used to quantify optically
active constituents (OACS) in open oceans, coastal areas and lakes due to its great spatial
and temporal coverage, it is still limited in riverine systems due to both the coarse
resolution of satellite sensors and the challenge of estimating OACs using empirical
modeling methods. Physical models based on the radiative transfer process within the
water column and with consideration of all OACs at one time have been little used in
river systems due the required investment in hardware and software. The lack of inherent
optical properties (IOPs) measurements is another limitation of developing physical
models for inland waters. This project will continue the development of a database with
measurements of the geochemical state of the Wabash River and Tippecanoe River and
coincident spectral reflectance measurements. As part of this project, we will collect
high-resolution spectral data over the two rivers using Unmanned Aerial Vehicles
(UAVs), and will use all data in the development and evaluation of physical radiative
transfer models relating spectral properties to the geochemical state of the river system.
Such models should be better able to estimate the geochemical state of the river from
remote sensing imagery, and more transferable to other locations. We expect this project
to result in a database of IOP and water quality measurements of the Wabash River under
various environmental conditions and algorithms that are effective for the remote sensing
of the Wabash River and other major Midwestern rivers.

Problem

Excess concentrations of sediment and nutrients originating from agricultural activities
are two primary sources of water quality impairment in the rivers of the Midwestern
United States (Brown and Froemke, 2012; National Research Council, 2008).
Midwestern rivers, especially in Indiana, are also major contributors to downstream
problems in water quality, especially the hypoxic zone in the Gulf of Mexico (Burkhart
and James, 1999). Remote sensing has advantages over traditional in-situ measurements
for monitoring water quality since it can provide synoptic water quality information over
a great range of temporal and spatial scales. While remote sensing has been widely used
to quantify optically active constituents (OACS) in open oceans, coastal areas and lakes
(e.g., Brando and Dekker, 2003), its use is still limited in riverine systems due to both the
coarse resolution of satellite sensors and the challenge of estimating OACs in shallow
waters. Traditional empirical methods are not based on any physical insight into why
correlations exist between optical properties and geochemical state and are highly
dependent on the data used and often not repeatable or transferrable. The fact that OACs
do not covary (IOCCG, 2000) and that bottom reflectance is often non-negligible in
inland waters is also likely to result in significant errors in empirical models. The
physical modeling approach is based on the radiative transfer processes within the water
column with consideration of all OACs simultaneously. Such models have been well
tested for open oceans, lakes and reservoirs; however, little attention has been paid to



river systems, even though what happens in lakes and ocean coastal waters is highly
dependent on these systems. The lack of measurements of inherent optical properties
(10Ps) for inland waters and application of appropriate modeling software are important
aspects limiting the development of physical models.

Research Objectives

The primary objective for this research is to develop an extensive database of coincident
measurements of spectral characteristics and geochemical state for water in the Wabash
River and its tributaries, which can be used to develop physical models to estimate the
geochemical state of the river water from remote sensing imagery for different flow
regimes and seasons. Specific research hypotheses that will be addressed are:

1. Physical radiative transfer models developed using measurements of spectral
characteristics and geochemical state from different seasonal flow regimes will
provide more accurate and robust predictions of the river system’s state than more
traditional methods.

2. High-resolution spectral and thermal imagery when combined with physical
radiative transfer models can provide new insights into the movement and sources
of chemicals in the river system.

Methodology

In-situ water quality and spectrometer sampling, Task 1

We have worked with Dr. Reuben Goforth and his research group in the department of
Forestry and Natural Resources at Purdue University to schedule our boat sampling trips
into their field work timeline. Regular weekly boat sampling (grabbing water samples,
spectral measurements, water depth measurements, sonde measurements, and GPS
locations) were conducted along the Wabash River and the Tippecanoe River from May,
2014 to August, 2014. Above water spectral measurements were collected using the
optimal measuring geometry suggested by NASA’s standard operating protocol of
satellite ocean color remote sensing. A GoPro camera was also purchased to record
bottom type of sampled sites. Albedos of various river bottom types were collected
during low flow conditions when streambed emerged, and related back to the
classification of streambed materials from the GoPro camera images.

During the 2014 sampling period, we completed a regular sampling procedure on a total
of 28 dates, resulting in a total of 213 sites where water samples were collected. Figure 1
shows the measured reflectance spectra and bottom albedo. Bottom types identified for
the Wabash River and the Tippecanoe River are shown in Figure 2.
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Figure 1. (a) Field measured remote sensing reflectance (Rrs) spectra and (b) bottom
albedo for different bottom types.

Figure 2. Bottom types identified for the Wabash River and the Tippecanoe River.

Lab analyses of OACs, nutrients and IOPs, Task 2

All water samples were analyzed in the lab for concentrations of total suspended solids,
chlorophyll, and nutrients (orthophosphate, nitrate+nitrite nitrogen, total nitrogen, total
phosphorus, and dissolved organic carbon) using EPA approved standard methods of
analyses. Table 1 lists the statistics of 2014 lab results for the Wabash River and
Tippecanoe River. In addition, inherent optical properties (IOPs) including the absorption
coefficients of chlorophyll, non-algal particles, and colored dissolved organic carbon
were analyzed according to NASA’s protocol of satellite ocean color remote sensing
(Figure 3).



Table 1. Statistics of lab measured OACs and nutrients for the Wabash River and the
Tippecanoe River.

OACs Nutrients
TSS CHL oPOq4 NOx TN TP DOC
(o/m3) | (mg/m®) | (mg/l) | (mg/l) | (mg/l) | (mg/l) | (mg/l)
Max 102.0 175.3 | 0.093 9.7 10.6 0.472 415
Mean 36.6 51.8| 0.010 5.1 6.0 0.094 26.9

Min 8.5 8.3 | -0.028 0.3 1.3 0.014 8.1
@ . b)
“E 214 é 4
= Z 5
] g
N o ; . ; )
400 &00 BO0 700 400 500 BOD 700
Wavelength (nm) Wavelength (nm)
(©) .
‘TE 4
=
3 2
]

-
Bl

400 £00 RO0 700
Wavelength (nm)

Figure 3. Lab measured absorption coefficients of (a) chlorophyll, (b) non-algal
particles, and (c) colored dissolved organic matter.

Remote sensing data collection, Task 3

Purdue University has obtained a Certificate of Authorization (COA) from the FAA that
gives us authority to operate Unmanned Aerial Vehicles (UAVS) in our study area for
water quality monitoring. We have also obtained a special operating permit from
Prophetstown State Park to use park property near the confluence of the Tippecanoe
River and Wabash River as a base of operations for UAV flights. In the summer of 2015
we will arrange to have project participants work to collect both in-situ water quality and
spectrometer data (Task 1) coincident with scheduled image acquisitions from UAV
platforms. Field spectrometer measurements will be collected within a short time
window of image acquisition and serve as the validation data for atmospheric correction



of acquired UAV images. In addition to the multispectral imagery collected by our own
UAYV platforms from PrecisonHawk Inc, we will also partner with Dr. Melba Crawford to
acquire hyperspectral imagery using their UAV system, which is integrated with a
hyperspectral sensor from Headwall Photonics.

Model development and validation, Task 4

The radiative transfer software package Hydrolight was purchased and used to develop
physical models for the Wabash River and the Tippecanoe River. Analysis was
conducted on the field observations and lab measurements collected in Task 1 and Task
2. A database of Hydrolight-simulated reflectance spectra was assembled. By finding the
closest match of the field measured spectrum in the database, water quality parameters
including chlorophyll and TSS were successfully retrieved (Figure 4).
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Figure 4. Comparison between field measured (a) chlorophyll concentration ([CHL]) and
(b) TSS concentration ([TSS]) and the LUT estimates for the Wabash River and the
Tippecanoe River

The UAV imagery collected in Task 3 will be georegistered (Turner et al., 2012) and
calibrated to remote sensing reflectance. The hyperspectral LUTs generated above will be
further synthesized into UAV sensors’ wavelengths so that concentrations of OACs can
still be estimated or looked up by comparing the satellite imagery derived reflectance to
the LUTs. Data that are not used in model developments will be used for model
evaluation.

Results

We have successfully collected in-situ water quality and spectrometer data of the Wabash
River and the Tippecanoe River under various hydrological conditions. Water quality
data we collected in 2014 show large variations (e.g. TSS ranges from 9 g/m? to 100 g/m?®
and chlorophyll from 8 mg/m3 to 175 mg/m?). Absorption properties of water quality
parameters were also acquired. The measurements of water quality and IOPs, when
combined with climate and hydrologic flow regime, enable a better understanding of the
geochemical state of Midwestern waters. These field measured data were analyzed and
used to develop physical radiative transfer models for the Wabash River. The LUT
methodology relates observed spectral reflectance to water column and bottom properties



(Mobley et al., 2005) and was successfully applied to the field data for the retrieval of
water quality parameters. We will continue our efforts in the summer of 2015 to get UAV
imagery over the study area, which will provide a synoptic view of water quality
conditions. The ability of UAV images for water quality monitoring will be evaluated.

All lab results, together with field measurements, were assembled into a database for
storage and management using Microsoft Access. This database is currently stored on
Purdue ECN network drive, which is backed up daily. Only authorized users have access
to the database and the database is protected by password. Remote sensing imagery and
the Hydrolight-simulated LUT will also be integrated into the database in the future.
Once the database is completed, it will be published through the Purdue University
Research Repository (PURR) and assigned a DOI number for distribution.

Major Conclusions and Significance

Water quality is a major concern on the Wabash River and other agriculturally dominated
river systems in the United States and globally. Understanding the sources of water
quality problems, and how water quality varies temporally and spatially are important for
monitoring existing problems and the effectiveness of best management practices (BMPSs)
currently being employed. Remote sensing has the potential to provide synoptic water
quality information of inland rivers and lakes. However, the ability of satellite remote
sensing for inland water monitoring has been hampered by coarse spatial resolutions and
lack of IOP measurements for the development of physical models. In order to improve
remote sensing of water quality for inland waters, filed measurements of reflectance
spectra, water quality, and 10Ps under different hydrologic conditions are needed, which
will enable the development of physical models for the Wabash River and provide a
fundamental linkage between the optical properties and the geochemical state of inland
waters. The application of high-resolution UAV imagery, once succeeded, will provide
an effective way for water quality monitoring of inland rivers. This database developed in
this study will deliver algorithm recommendations for remote sensing of water quality in
shallow inland waters, provide useful inputs for future projects on nutrients cycling and
ecosystem modeling as well as provide valuable sources for further investigation of the
relationship between optical and geochemical properties.

Publications
Tan, J., K. A. Cherkauer, and I. Chaubey, 2015. Using hyperspectral data to quantify

water quality parameters in the Wabash River and its tributary, Indiana. Submitted to
International Journal of Remote Sensing.

Grant Submissions
NASA Earth and Space Science Fellowship, Funded, “Developing a comprehensive

spectral-biogeochemical database of Midwestern waters for improving remote sensing of
water quality”
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Abstract / Summary: Floodplain lakes in the Patoka River National Wildlife Refuge
(NWR) were isolated with a historical dredging project. This project has a longterm goal
of restoring a natural flooding regime to these floodplain lakes by removing levees in the
refuge. The current project provides background data for fish assemblages prior to
modifications. Fishes were collected at 11 floodplain lakes in the Patoka River NWR in
September 2014. Collections were by backpack and tote barge electrofishers. Collections
resulted in 257 individuals in 22 species. Mean species richness at sites was 5 and ranged
from 1-11. Mean site abundance was 23.4 individuals, and ranged from 1 — 74. Fish
assemblages were predictable based on maximum depth and distance to the river. These
collections provide background data to compare with following restoration by levee
removal in the future.

Problem: Floodplain habitats are essential for ecosystem functioning in lowland rivers
(Galat et al. 1998). These habitats are maintained by predictable connection with
mainstem rivers. Maintaining floodplain habitats allows recurrent connections with the
mainstem to permit colonization and prevent sediment filling. Predictable flood events
are part of the natural flow regime of large rivers and organisms have adaptations for
utilizing these habitats when they are seasonally available (Poff et al. 1997). Oxbow and
off-channel habitats are significant locations for maintaining fish diversity in medium and
large river ecosystems (Winemiller et al. 2000).

Floodplain lakes in the Patoka River National Wildlife Refuge (NWR) were
isolated with a historical dredging project. This project has a longterm goal of restoring a
natural flooding regime to these floodplain lakes by removing levees in the refuge. The
current project provides background data for fish assemblages prior to modifications.

The stream fishes of Indiana provide the state many positive returns including
benefits to anglers, for ecosystem services, and as a portion of a natural heritage.
Although there are several local extinctions, the majority of fish species that were here
historically are still present. In addition the current fish assemblages of Indiana have
higher occurrences of species that are tolerant to human disturbances (Jacquemin &
Pyron 2011). Protection of existing fish species in floodplains requires restoration of
habitats through reconnection to mainstem rivers.

Research Objectives: The
project is a combination of
field collections with habitat
data.
a Methodology: We sampled
ten floodplain lakes in the
Patoka River NWR (Figure 1).
Lakes were selected based on
proximity to the Houchin
Ditch and mainstem Patoka
River, with a goal to sample

. ‘Q’ lakes with the potential to be
S b reconnected to the river during

Figure 1. Site locations for floodplain lakes in the flood periods. Fish sampling
Patoka River National Wildlife Refuge. was by backpack or barge




electrofisher with two persons to net fishes. We collected in all available habitats or for
30 min per site. Fishes were identified and released at the site. The habitat data were
maximum depth, substrate composition, and distance to the river.

Results: Collections resulted in 257 individuals in 22 species (Table 1). Mean species
richness at sites was 5 and ranged from 1-11. Mean site abundance was 23.4 individuals,
and ranged from 1 — 74. Mean maximum depth was 1.1 m, with a range from 0.5 -2 m.
Mean distance from the river mainstem was 1.9 km, with a range from 1.2 — 2.4 km.

A Principal Components (PC) analysis resulted in three axes that explained 36.5,
16.4, and 12.1 % of total variation. The first PC axis was explained by increased
abundances of Green Sunfish, Black Crappie, and Warmouth (Figure 2). This axis was
not significantly
correlated with
habitat
Dillin variables. The

second PC axis

was explained

Flier,
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Figure 2. First two axes of a Principal Component Analysis of fish | =0.05). The
abundances for 11 Patoka River NWR sites. third PC axis
was explained
positively by

Longear Sunfish and River Carpsucker, and negatively by Shorthead Gar and Redear
Sunfish (Figure 3). This axis was positively correlated with maximum depth (r = 0.64, P
=0.03). Sites that were further from the river tended to contain increased abundances of
Bowfin and Flier, and lower abundances of Bluegill. Sites with increased depth tended to
have increased abundances of Longear Sunfish and River Carpsucker, and decreased
abundances of Shortnose Gar and Redear Sunfish.
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Figure 3. Second and third axes from a Principal Components
Analysis of fish abundances for 11 Patoka River NWR sites.

Major Conclusions and Significance: Dominant species in the Patoka River NWR were
Bluegill and Western Mosquitofish. These were also the highest abundance species in
2007 collections by Simon et al. (2015) and are tolerant to disturbance and/or human
impacts. Collections did not results in taxa not present in 2006-7 by Simon et al. (2015).
The collections in 2006-7 resulted in fishes sensitive to siltation and acidity that were
previously unknown to the Patoka River NWR (Lake Chubsucker, Paddlefish, Rock
Bass, Slough Darter, Harlequin Darter, Blackside Darter, Dusky Darter, and Banded
Sculpin. These species have the potential to occur in floodplain lakes with increased
flood duration and frequency. We will resample these sites in 2015, to increase sample
size and include annual variation in fish assemblage structure.
Publications: Poster presentations at conferences:
Minder, M. and M. Pyron. Off-channel habitats of the Patoka River, Indiana. Society for
Freshwater Science, Milwaukee, WI, May 2015.

Minder, M., M. Pyron and L. Etchison. Off-channel habitats of the Patoka River, Indiana.
Midwest Fish & Wildlife Conference, Indianapolis, IN, Feb 2015.
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Table 1. Fish abundances by site, in Patoka River National Wildlife Refuge. Collections were 9/3/2014.
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Abstract / Summary:

The Wabash River is an iconic feature in the state of Indiana, but it is plagued by the
perception of poor water quality. In Vigo County, the wetlands along the Wabash River
have drawn a lot of new attention in recent years as a habitat for wildlife and area for
recreation through initiatives such as Riverscape and the Year of the River, which have
served to increase awareness about the Wabash River as a community resource. The
research proposed here will evaluate heavy metals and nutrients (phosphorus) in
sediment cores recovered from ponds and wetlands adjacent to the river that are
intermittently connected when the river floods and act as sediment traps. Preliminary
results from a pond (International Paper (IP) holding pond) located in Terre Haute’s old
industrial park illustrate a trend of decreasing heavy metals over time. Despite this
trend, metal concentrations throughout the core are greater than typical background
values. The sediment core from the IP holding pond will be further evaluated for metals
and nutrients (phosphorus), and new cores will be collected from the Wabashiki Fish and
Wildlife Area (WFWA) for similar analyses. It is anticipated that the cores will
demonstrate that the intensity of metal pollution has decreased over time, while nutrient
loading has increased. The data generated here will be shared with Terre Haute’s City
Planner, Pat Martin, and DNR (Mark Huter) as well as other interested community
groups. The results will be the basis for at least two undergraduate research projects,
and will be incorporated into the curriculum for the introductory environmental science
course (ENVI110L).

Problem:

The Wabash River is notorious for poor water quality, despite the fact that water quality
has improved significantly over the past several decades. Sediments within the river are
course grained sands, and are not conducive for sampling for geochemical analysis.
Instead, the purpose of the project proposed here is to look at heavy metals and
phosphorus in sediments collected adjacent to the river in ponds and wetland sediments.
These adjacent environments act as sediment traps for fine-grained materials and
organic matter when the Wabash River floods, especially during the spring. Itis
hypothesized that these sediment cores will reflect a history of urban pollution within the
Wabash River and will demonstrate that the intensity of pollution has decreased over
time.

Research Objectives:

The objective of this project is to identify the extent and temporal records of metal
pollution and nutrient loading in depositional environments adjacent to the Wabash River
within Vigo County. It is hypothesized that metal loading has decreased to these
sediment traps while nutrient loading has increased over time. Because of legislation
like the Clean Water Act, the point sources of pollution to water bodies has generally
decreased, which would lead to fewer metals in surface waters. However, nutrient
pollution from urban areas (i.e. fertilizer on yards and golf courses) and agricultural
areas continues to increase and impair water quality. For these reasons, it is expected
that an overall trend of decreasing metal concentrations over time will be seen. Itis also
expected that an opposite trend will be seen in phosphorus geochemistry (nutrients) with
higher values near the surface of the cores.

Latimer - 2



Methodology:

Additional geochemical analysis of the IP holding pond sediment core will be completed
as well as geochemical analysis of the cores collected at the WFWA. Two short cores
have been collected from WFWA. A longer core will be collected in June 2015. All
samples have been dried and powdered. The samples were ashed to determine organic
matter content via loss on ignition and extracted using 2M nitric acid following EPA SW-
846 Method 3050B (Souch et al., 2002). Samples were shaken on an orbital shaker at
room temperature for 16 hours then analyzed via inductively coupled plasma-optical
emission spectroscopy (ICP-OES) for a suite of elements that includes the EPA priority
pollutants (arsenic, lead, copper, chromium, cadmium, and zinc). Samples have also
been subjected to a sequential extraction technique for phosphorus (Ruttenberg, 1992)
to evaluate phosphorus loading and retention in the sediments. The extraction
technique differentiates phosphorus that is adsorbed to particle surfaces, phosphorus
associated with oxides and oxyhydroxides, phosphorus associated with organic matter,
and mineral phosphorus that is not available to biota. All sample processing and
analyses has taken place in the Biogeochemistry Laboratory managed by J. Latimer at
ISU. The results of this work will provide a history of metal pollution and nutrient loading
to the study sites.

Results:

All data has been collected for the IP and short cores from WFWA; however, not all of
the data has been analyzed. The analyses are currently under way. Initial results
suggest that WFWA has not experienced the same level of heavy metal pollution as IP,
at least based on the core samples we have collected to date.

Major Conclusions and Significance

We have yet to analyze all of the samples for nutrient (phosphorus) concentrations to
evaluate nutrient loading. However, WFWA, which is an important wetland habitat in an
urban setting does not appear to have been significantly impacted by heavy metal
pollution, compared to IP.

Publications
Abstracts

Latimer, J.C., McLennan, D., Stone, J.R., Memmers, E., Foster, J., Hardin, K.J.,
Nickerson, Z., Portwood, C.A., Williams, T., Short sediment cores as archives of
urban pollution, American Geophysical Union Fall Meeting, San Francisco.

Latimer, J.C., Hardin, K., Portwood, C., Nickerson, Z., Stone, J., 2014. Urban Sediment
Cores as an Archive of Historical Pollution, 2014 Urban Health Conference: New
Dimensions in Urban Health and Action, Indianapolis.

Hardin, K., Portwood, C., Latimer, J.C., 2014. Geochemical analysis and diatom
assemblages of International Paper Holding Pond in Terre Haute, Indiana, National
Conference on Undergraduate Research, Lexington, KY.
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Abstract / Summary

In the Midwestern US, tile drainage is a necessary management tool supporting
agricultural production in modern farming systems. However, this practice facilitates the
delivery of excess nutrients to downstream water bodies. These non-point sources
contribute to elevated nutrients in Lake Erie and the Gulf of Mexico, which have been
linked to algal blooms and subsequent widespread hypoxia causing widespread
ecological and economic problems. To mitigate these negative effects, we need a
mechanistic understanding of controls on water quality in agricultural watersheds.
Although previous research has examined how individual management practices affect
nutrient leaching from individual fields or small stream reaches, less is known about the
linkages between terrestrial and aquatic systems that influence water quality at a
watershed scale. Planting winter cover crops (CC) after fall harvest offers a potential
mechanism to reduce nutrient leaching from agricultural fields dominated by row-crop
agriculture. We used a demonstration project in the Shatto Ditch Watershed (SDW),
located in the Tippecanoe River Basin in Kosciusko County, IN to quantify how cover
crops planted over 1800 acres (~75%) of this small agricultural watershed in Fall 2013
influenced the linkage between landscape practices and water quality. The specific
objectives of our study were to quantify the effect of cover crops on soil nutrient
concentrations, N cycling, and soil microbial community function. We also wanted to
determine if there were predictable relationships between soil nutrient content and tile
drain nutrient leaching. During Fall 2013, Spring 2014, and Fall 2014, we sampled soil
and tile drains from fields with and without cover crops in the SDW. In Spring 2014, soil
NOs™-N concentration was significantly lower in fields planted in CC (2.3+/-0.36 mg
NOs™-N kg™?) versus non-CC treatments (5.7+/-0.65 mg NOs™-N kg?). Post CC
termination, in Spring 2014, we also found an increase in nitrification rates in fields with
cover crops (0.42+/- 0.06 mg N ha* d?) versus those fields without CC (0.28 +/- 0.01 mg
N ha d!) suggesting cover crop residue was nitrified and N was available for future cash
crop growth. We did not observe a significant increase in SOC in fields with CC versus
those without CC in any season yet preliminary bioplate data suggested that microbial
community health and function improves in fields that contain CC, suggesting organic
matter quality was improving with CC. Finally, we found a positive relationship between
deep soil and tile drain NO3s-N (r>=0.94, p = 0.0001) suggesting that cover crops could
reduce NOz™-N loss from tile drains. Given these results, seasonal, year-round study of
soil and tile drain chemistry is warranted to determine soil and water quality benefits of
cover crops.

Problem and Research Objectives

Over the past 150 years, much of Indiana has undergone extensive land use changes as
vast wetlands and prairies have been converted to productive cropland. However, the tile
drainage systems that keep soils dry and maintain productive agriculture also
significantly impact adjacent stream channels. Excess fertilizer nutrients like nitrogen
(N) and phosphorus (P) enter streams via tile drain! and are then exported downriver
causing numerous environmental problems including contaminated drinking water, loss
of biodiversity, downstream algal blooms, and subsequent hypoxic “dead zones” after
those blooms die and decompose. For example, >50% of the N and P causing periodic



hypoxia in the Gulf of Mexico has been linked to fertilizers applied to row-crop
agriculture centered in the Midwestern US2. We need a mechanistic understanding of
nutrient transport in agricultural watersheds in order to maintain productive agriculture
while simultaneously conserving freshwater resources in the Midwestern US.

The planting of cover crops as a landscape level BMP is gaining popularity; previous
field scale research has shown that they can reduce nutrient and sediment export from
agricultural fields while maintaining soil health. Historically, cover crops have been
planted after cash crop harvest to reduce soil erosion, decrease soil compaction, increase
soil organic matter, and suppress weed growth®. Increased uptake (i.e., immobilization)
by cover crops of residual soil N during the winter and spring, when fields are normally
bare*, also significantly reduces nutrient concentrations in the soil leaving fewer nutrients
available for leaching to streams®. Microbial diversity of soils and resultant nutrient
cycling have also been shown to be influenced by management practices such as cover
crop planting®’. Increased nutrient release of cover crop residue via microbial
decomposition (i.e., mineralization) during summer® provides a sustained nutrient source
for the growing cash crop.

Previous research has examined how BMPs influence nutrient leaching from individual
fields or short stream reaches, but less is known about linkages between terrestrial and
aquatic systems that are reflected in water quality at the watershed scale. Most studies
have focused on BMP implementation in one component of the watershed (e.qg., soil or
stream) and we lack an understanding of how complex interactions among terrestrial and
aquatic ecosystems influence watershed nutrient export®. Few studies have examined
nutrient transformations and leaching from soils to tile drains to streams that link the
implementation of landscape BMPs such as cover crops with stream water quality at the
watershed scale.

Our pre-treatment year of data collection (pre-cover crop planting) on our USDA-CIG
grant and our regular (every 10 days) tile drain sampling confirms that the highest
concentrations of nitrate (NO3’) and soluble reactive phosphorus (SRP) in tile flow are
entering streams during winter and spring when fields are fallow. The cover crop growing
season coincides with these critical times for nutrient loss from fields; therefore, cover
crops have the potential to significantly reduce nutrient export via tile drain outlets.

Using support from our 2013 IWRRC grant, we examined the impact of cover crop
planting on soil nutrient content and tile drain leaching during Summer and Fall 2013 and
found promising inverse relationships between soil NO3z™ and N loss in tile drains;
however, the 2013 IWRRC budget limited our seasonal sampling and the conclusions we
can make about watershed-scale implementation of cover crops during critical times of
nutrient export. For this proposal, we built on previous research in Shatto Ditch
Watershed (SDW) to determine the effects of watershed-scale cover crops on soil nutrient
content, nutrient leaching to tile drains, and resultant year-round water quality including
Winter and Spring during times of high nutrient export. We also added a new metric to
quantify soil microbial community function (i.e., using BIOLOG EcoPlates™), which
increased our understanding of soil nutrient dynamics during critical times of N and P
export. The specific objectives of our project and associated hypotheses were as follows:



Obijective 1) Determine if cover crops increase soil nutrient and organic matter content
after cover crop planting (Fall 2013, Spring 2014 and Fall 2014), compared to fields
without cover crops.

Objective 2) Determine if cover crop planting increases seasonal soil N mineralization
rates via increased decomposition of cover crop residue compared to fields without
COVver crops.

Obijective 3) Determine if increased root biomass and exudates during cover crop growth
in early Spring, combined with higher nutrient availability after cover crop termination
in mid- Spring, will improve soil microbial community function compared to fields
without cover crops.

Obijective 4) Determine if there is a year-round predictable relationship between soil
nutrient content and tile drain leaching where higher soil nutrient content is correlated
with lower nutrient export through tile drain leaching.
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scale (~75% coverage) planting of cover crops. With this strong experimental approach,
we quantified the influence of cover crops on soil and water nutrient dynamics at
watershed scale.



For Objective 1, we quantified soil nutrients and
organic matter content. As part of our 2013
IWRRC grant, we identified 12-15 field plots with 9 ¥
containing til